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Job Analyses of the Knowledge Important
For Newly Licensed (Certified) Chemistry and Physics Teachers

Richard J. Tannenbaum
Executive Summery

Two job analysis studies were conducted to -define knowledge domains important for newly
licensed (certified) chemistry and physics teachers, respectively, to perform their jobs in a
competent manner. The results of the job analyses will be used to develop test specifications for
the Praxis II Subject Assessments in Chemistry and Physics.

Initial draft domains of important knowledge statements were constructed by ETS Test
Development staff with expertise in chemistry and physics and ETS Research staff with expertise
in job analysis. In the process of developing these drafts, the ETS subject-matter experts
reviewed previous National Teacher Examination (NTE) chemistry and physics test
specifications, state licensure (certification) requirements, and relevant professional literature.

The draft domain for chemistry consisted of eight major content areas partitioned into
various subareas and 162 specific knowledge statements. The eight major content areas were:
(1) Chemistry as an Experimental Science, (2) Organization of Matter, (3) Chemical Bonding
and Molecular Geometry, (4) The Kinetic Theory and States of Matter, (5) Thermodynamics
and Chemical Reactions, (6) Solutions and Solubility, (7) Environmental/Societal Issues
Related to Chemistry, and (8) Pedagogy Specific to Chemistry.

The draft domain for physics consisted of nine major content areas also partitioned into
various subareas and 160 specific knowledge statements. The nine major content areas were:
" (1) Properties and States of Matter, (2) Mechanics, (3) Heat and Thermodynamics, (4)
Electricity and Magnetism, () Wave Motion, (6) Atomic and Nuclear Physics, (7)
Environmental/Societal Issues Related to Physics, (8) Mathematical and Measurement Skills,
and (9) Pedagogy Specific to Physics.

After the draft domains were constructed each was mailed to a different panel of nine
external subject-matter experts (one panel with content expertise in chemistry received the
chemistry domain and the other with content expertise in physics received the physics domain).
These subject-matter experts were secondary school teachers and teacher educators. The
purpose of each External Review Panel was to review the draft domain in terms of: (1) the
appropriateness of the overall structure (i.e., do the major content areas adequately define the
important components of the knowledge domain) and (2) the appropriateness of the specific
knowledge statements and their completeness and clarity.” Revisions suggested by the panels,
including additions and deletions of content areas and knowledge statements, were obtained via
telephone interviews conducted by ETS Research staff. Based upon the compiled suggestions
some reorganization of the domains occurred.
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The structure of the chemistry domain was modified to include eight new major content
areas partitioned into various subareas and 156 specific knowledge statements. The eight new
major content areas were: (1) Scientific Methodology/Technology/History (which incorporated
content from the original area Chemistry as an Experimental Science); (2) Basic Tepics in
Physical Science (which included content from the original areas Organization of Matter;
Kinetic Theory and States of Matter; and Thermodynamics and Chemical Bonding Reactions);
(3) Chemical Periodicity; (4) Nomenclature; (5) The Mole, Chemical Bonding, and Molecular
Geometry; (6) Biochemistry; (7) Science, Technology, and Society (which included the content
from the original area Environmental/Societal Issues Related to Chemistry); and (8) Pedagogy
Specific to the Physical Sciences.

The structure of the physics domain was modified to include eight new major content areas
partitioned into various subareas and 160 specific knowledge statements. The eight new major
content areas were: (1) Scientific Methodology/Technology/History (which included content
that originally was part of the area Mathematical and Measurement Skills); (2) Basic Topics in
Physical Science (which incorporated content from the original areas Properties and States of
Matter and Heat and Thermodynamics); (3) Mechanics; (4) Electricity and Magnetism; (5)
Waves; (6) Modern Physics (which incorporated the original area Atomic and Nuclear Physics);
(7) Science, Technology, and Society (which included the content from the original area
Environmental/Societal Issues Related to Physics); and (8) Pedagogy Specific to the Physical
Sciences.

The revised draft domains were then reviewed by an Advisory/Test Development
Committee. This committee consisted of secondary school teachers, teacher educators, and a
district administrator with expertise in both chemistry and physics. One committee was formed
because of the large degree of overlap in the knowledge domains of chemistry and physics. The
purpose of this committee was to modify the draft domains so that they accurately reflected
what the members of the committee believed were the knowledge important for new licensed
(certified) chemistry and physics teachers. This modification process occurred during a four-day
meeting held at ETS. The outcomes of the modification included only minor wording changes
and the additional deletion of some knowledge statements.

The revised domains were then subject to verification/refutation through national surveys
of chemistry and physics education professionals (i.e., teachers, teacher educators, and state
administrators). The chemistry education professionals received the chemistry knowledge
domain; and the physics education professionals received the physics knowledge domain. The
participants were asked to rate the specific knowledge statements in terms o importance for and
level of understanding needed by newly licensed (certified) chemistry and physics teachers. '

Three types of data analysis were conducted to support the development of content valid
(content relevant) test specifications for the Subject Assessments in chemistry and physics:
(1) means were computed of the importance ratings for each knowledge statement by the groups
of education professionals and by the appropriate subgroups of respondents; (2) correlations of
the profiles of these mean importance ratings were computed across the groups of education
professionals and within the appropriate subgroups of respondents; and (3) percents were

Educational Testing Service, ETS and the ETS logo are registered trademarks of Educational Testing Scrvice. ‘The Praxis Scries:
Professional Assessments for Beginning Teachers and its design logo are trademarks of Educational Testing Service.

il




computed across each of the five response categories associated with the level of understanding
rating scale for each knowledge statement. These percents were computed at the aggregate
level of the survey respondents to provide more easily interpretable, and therefore, useful
information to the Advisory/Test Development Committee. To be included in the mean and
correlational analyses, a respondent category was required to have at least 30 respondents (e.g.,
> 30 state administrators, = 30 females). This is a necessary condition to ensure that the

computed mean values are accurate estimates of the corresponding population mean values
(Walpole, 1974).

A mean importance rating cutpoint of 2.50 (midpoint between moderately important and
importarit) was established to designate knowledge statements as eligible (2 2.50) or ineligible
(< 2.50) for inclusion in the development of test specification.

Study 1: Chemistry

The results of the mean analysis conducted by teachers and teacher educators (there were
no respondents identified as state administrators) indicated 60 knowledge statements were rated
less than 2.50. This represents 33% of the content domain. Five additional knowledge
statements were rated below 2.50 by two of the subgroups (geographic region and teaching
experience) of respondents. In total, 65 of the 181 statements (36%) did not meet the 2.50
criterion for inclusion. Still, however, 64% of the domain (116 statements) is eligible for
inclusion in the development of test specifications. :

The computation of correlation coefficients to assess agreement in terms of perceived
relative importance of the knowledge statements indicated a very high level of agreement. The
coefficient for the comparison between teachers and teacher educators was .92; the coefficients
for the subgroup comparisons all exceeded .90.

The 116 knowledge statements that were verified to be important by the surveyed teachers,
teacher educators, and the subgroups should be used as the foundation for the development of
test specifications. Test specifications that are linked to the results of a job analysis provide
support for the content validity of the derived assessment mezsures and may be considered as
part of an initial step in ensuring the fairness (to subgroups of chemistry teacher candidates) of
the derived assessment measures. [t is reasonable to assume that, due to testing and
psychometric constraints (e.g., time limits, ability to measure reliably some content), not all of
the verified content may be included on the assessment measures. One source of information
that may be used to guide the Advisory/Test Development Committee in its decision of what
verified content to include on the assessment measures is the mean importance rating.
Although a rank ordering of the content by mean importance rating is not implied, it is
recommended that initial consideration be given to content that is well above the cutpoint and
represents the appropriate breadth of content coverage.
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The results of the analysis of the level of understanding rating scale indicated that 40% of
the knowledge statements should be measured between the levels of comprehension and
application [utilization; and an additional 48% should be measured between the levels of
application futilization and analysis.

Evidence was also provided in this study of judged importance of the eight major content
areas and the comprehensiveness of the knowledge domain. These two pieces of information
have implications for the adequacy of the chemistry knowledge domain. If the domain was
adequately defined then each major content area should have been judged to be important and
well covered. The results support the adequacy of the defined knowledge domain. With respect
to importance (see Table 1), both teachers and teacher educators judged the same four content
areas to be important and one or the other group judged the remaining content areas to be
moderately important or important. With respect to content coverage (see Table 5), the
teachers judged six content areas to be well covered and two to be between adequately covered
and well covered. The teacher educators judged two content areas to be well covered and six to
be between adequately covered and well covered.

Study 2: Physics

The results of the mean analysis conducted by teachers and teacher educators (there were
no respondents identified as state administrators) indicated 56 knowledge statements were rated
less than 2.50. This represents 30% of the knowledge domain. Four additional knowledge
statements were rated below 2.50 by two of the subgroups (sex and teaching experience) of
respondents. In total, 60 of the 184 statements (33%) did not meet the 2.50 criterion for
inclusion. Still, however, 67% of the domain (124 statements) is eligible for inclusion in the
development of test specifications.

The computation of correlation coefficients to assess agreement in terms of perceived
relative importance of the knowledge statements indicated a very high level of agreement. The
coefficient for the comparison between teachers and teacher educators was .91; the coefficients
for the subgroup comparisons all exceeded .90.

The 124 knowledge statements that were verified to be important by the surveyed teachers,
teacher educators, and the subgroups should be used as the foundation for the development of
test specifications. Test specifications that are linked to the results of a job analysis provide
support for the content validity of the derived assessment measures and may be considered as
part of an initial step in ensuring the fairness (to subgroups of physics teacher candidates) of the
derived assessment measures. It is reasonable to assume that, due to testing and psychometric
constraints (e.g., time limits, ability to measure reliably some content), not all of the verified
content may be included on the assessment measures. One source of information that may be
used to guide the Advisory/Test Development Committee in its decision of what verified
content to include on the assessment measures is the mean importance rating. Although a rank
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ordering of the content by mean importance rating is not implied, it is recommended that initial
consideration be given to content that is well above the cutpoint and represents the appropriate
breadth of content coverage.

The results of the analysis of the level of understanding rating scale indicated that 58% of
the knowledge statements should be measured between the levels of comprehension and
application Jutilization; and an additional 48% should be measured between the levels of
application futilization and analysis. '

Evidence was also provided in this study of the judged importance of the eight major
content areas and the comprehensiveness of the knowledge domain. These two pieces of
information have implications for the adequacy of the physics knowiedge domain. If the domain
was adequately defined then each major content area should have been judged to be important
and well covered. The results support the adequacy of the defined content domain. With
respect to importance (see Table 7), both teachers and teacher educators judged the same five
content areas to be important. Of the remaining three content areas, one was judged to be
important by the teacher educators and moderately important by the teachers; and two were
judged to be moderately important by both teachers and teacher educators. With respect to
content coverage (see Table 11), both teachers and teacher educators judged all eight content
areas to be well covered.
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: Job Analyses of the Knowledge Important
for Newly Licensed (Certified) Chemistry and Physics Teachers

Introduction

The Subject Assessments in the Sciences of The Praxis Series: Professional Assessments
for Beginning Teachers™ offer a multiple-choice core test and one or more candidate-
constructed-response modules. The optional modules include Content Area Performance
Assessments that allow candidates to demonstrate in-depth understanding of the subject and
Content-Specific Pedagogy modules to demonstrate knowledg about teaching the subject. The
Praxis Series can be used by state agencies as one of severa! criteria for initial teacher licensure
(certification). Two of the Subject Assessments in the Sciences cover the physical sciences of
chemistry and physics. To identify the content domains of these examinations and to support
the content validity (content relevance) of these examinations, two job analysis studies were
conducted of the knowledge important for newly licensed (certified) chemistry and physics
teachers, respectively. This report will describe the job analysis studies. In particular, it will
present the (1) methods used to identify and define the job-related knowledge, (2) types of
statistical analysis conducted, (3) results of these analyses, and (4) implications of the results for
developing test specifications.

Standards for Educational and Psychological Testing

The Standards for Educational and Psychological Testing (1985) is a comprehensive technical
guide that provides criteria for the evaluation of tests, testing practices, and the effects of test
use. It was developed jointly by the American Psychological Association (APA), the American
Educational Research Association (AERA), and the National Council on Measurement in .
Education (NCME). The guidelines presented in the Standards have, by professional consensus,
come to define the necessary components of quality testing. As a consequence, a testing

program that adheres to the Standards is more likely to be judged to be valid (defensible) than
one that does not.

There are two categories of criteria within the Standards, primary and secondary. Those
classified as primary "should be met by all tests . . . unless a sound professional reason is
available to show why it.is not necessary, or technically feasible, to do so in a particular case.
Test developers and users . . . are expected to be able to explain why any primary standards
have not been met" (AERA/APA/NCME, 1985, p. 2). One of the primary standards is that the
content domain of a licensure or certification test should be defined in terms of the importance
of the content for competent performance in an occupation. "Job analyses provide the primary
basis for defining the content domain."” (p. 64).

The use of job analysis to define the content domain is a critical component in establishing
the content validity of licensure and certification examinations. Content validity is the principle
validation strategy used for these examinations. It refers to the extent to which the content
covered by an examination overlaps with the important components (tasks, knowledge, skills, or
abilities) of a job (Arvey & Faley, 1988). Demonstration of content validity is accomplished

v
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through the judgments of subject-matter experts. It is enhanced by the inclusion of large
numbers of subject-matter experts who represent the wide range of relevant areas of expertise
(Ghiselli, Campbell, & Zedeck, 1981). The lack of a well-designed job analysis is frequently
cited (by the courts) as a major cause of test invalidity.

Job Analysis

Job analysis refers to procedures designed to obtain descriptive information about the tasks
performed on a job and/or the knowledge, skills, and abilities thought necessary to perform
those tasks (Gael, 1983). The specific type of job information collected by a job analysis is
determined by the purpose for which the information will be used. For purposes of developing
licensure and certification examinations, a job analysis should identify the important knowledge
or abilities necessary to protect the public -- interpreted as the imporiance of the content for
competent performance in an occupation (Standards for Educationa. and Psychological Testing,
AERA/APA/NCME, 1985). In addition, a well-designed job analysis should include the
- participation of various subject-matter experts (Mehrens, 1987); and the data collected should be
representative of the diversity within the job. Diversity refers to regional or job context factors
and to subject-matter-expert factors such as race/ethnicity, experience, and sex (Kuehn, Stallings,
& Holland, 1990). The job analyses conducted for chemistry and physics were designed to be
consistent with the Standards and current professional practices.

Objectives of the Job Analysis Studies

The objectives of these studies were: (1) to construct comprehensive domains of
knowledge that are important for newly licensed (certified) chemistry and physics teachers; and
then (2) to obtain, using survey methodology, the independent judgments of two national
samples of chemistry and physics educational professionals (i.e., teachers, teacher educators,
state administrators) to verify or refute the importance of the domains. The
verification/refutation component serves a critical role to ensure that the domains (in whole or
in part) are judged to be relevant to the job of newly licensed (certified) chemistry and physics
teachers by a wide range of education professionals. Knowledge that is verified to be important
will be used in the development of test specifications for The Praxis II Subject Assessments in
the Sciences.

Method

In overview, the methodology consisted of defining the knowledge important for newly
licensed (certified) chemistry and physics teachers to perform their jobs in a competent manner.
This was accomplished first by having subject-matter experts define knowledge domains
important for newly licensed (certified) chemistry and physics teachers and then by presenting
these judgments for verification or refutation through national surveys of chemistry and physics
education professionals. The chemistry education professionals received the chemistry
knowledge domain; and the physics education professionals received the physics knowledge
domain. The verification/refutation aspect of the survey approach functions as a "check and
balance" on the judgments of the subject-matter experts and reduces the likelihood that
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unimportant knowledge will be included in the development of the test specifications. The
survey participants were chemistry and physics teachers, teacher educators, and state
administrators whose names were obtained from the memberships of the (1) American
Chemical Society, (2) American Association of Physics Teachers, and (3) National Science
Teachers Association. The participants were asked to rate specific knowledge stateraents in
terms of importance for and level of understandmg needed by newly licensed (certified) chemistry
and physics teachers to perform their jobs in a competent manner. The specific steps in the jOb
analyses are described below.

Build Draft Domains of Knowledge

The first step in the process of conducting the job analyses was to construct preliminary
knowledge domains. These drafts would function as the initial definition of the knowledge
domains of newly licensed (certified) chemistry and physics teachers. The domains were
constructed by Educational Testing Service (ETS) Test Development staff with subject-matter
expertise in chemistry and physics and ETS Research staff with expertise in job analysis. In the
process of developing these drafts, the ETS subject-matter experts reviewed previous National
Teacher Examination (NTE) chemistry and physics test specifications, state licensure
(certification) requirements, and relevant professional literature.

The draft domain for chemistry consisted of eight major content areas partitioned into
various subareas and 162 specific knowledge statements. The eight major content areas were:
(1) Chemistry as an Experimental Science, (2) Organization of Matter, (3) Chemical Bonding
and Molecular Geometry, (4) The Kinetic Theory and States of Matter, (5) Thermodynamics
and Chemical Reactions, (6) Solutions and Solubility, (7) Environmental/Societal Issues
Related to Chemistry, and (8) Pedagogy Specific to Chemistry.

The draft domain for physics consisted of nine major content areas also partitioned into
various subareas and 160 specific knowledge statements. The nine major content areas were:
(1) Properties and States of Matter, (2) Mechanics, (3) Heat and Thermodynamics, (4)
Electricity and Magnetism, (5) Wave Motion, (6) Atomic and Nuclear Physics, (7)
Environmental/Societal Issues Related to Physics, (8) Mathematical and Measurement Skills,
and (9) Pedagogy Specific to Physics.

Review of Draft Domains by External Review Panels

After the draft domains were constructed each was mailed to a different panel of nine
external subject-matter experts (one panel with content expertise in chemistry received the
chemistry domain and the other with content expertise in physics received the physics domain).
These subject-matter experts were secondary school teachers and teacher educators and had
representation by sex and geographic region (see Appendix A for list of members). The
purpose of each External Review Panel was to review the draft domain in terms of: (1) the
appropriateness of the overall structure (i.e., do the major content areas adequately define the
important components of the knowledge domain) and (2) the appropriateness of the specific
knowledge statements and their completeness and clarity. In addition, the members of the
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panels were asked to identify other knowledge that they believed should be added to the
domain. The recommendations of the panels were obtained via telephone interviews conducted
by ETS Research staff. ETS Test Development staff then reviewed the compiled
recommendations of the panels. Based upon the suggested revisions of the panels and Test
Development staff’s re-evaluation of the domains, some reorganization occurred.

The structure of the chemistry domain was modified to include eight new major content
areas partitioned into various subareas and 156 specific knowledge statements. The eight new
major content areas were: (1) Scientific Methodology/Technology/History (which incorporated
content from the original area Chemistry as an Experimental Science); (2) Basic Topics in
Physical Science (which included content from the original areas Organization of Matter;
Kinetic Theory and States of Matter; and Thermodynamics and Chemical Bonding Reactions);
(3) Chemical Periodicity; (4) Nomenclsture; (5) The Mole, Chemical Bonding, and Molecular
Geometry; (6) Biochemistry; (7) Science, Technology, and Society (which included the content
from the original area Environmental/Societal Issues Related to Chemistry); and (8) Pedagogy
Specific to the Physical Sciences.

The structure of the physics domain was mo ified to include eight new major content areas
partitioned into various subareas and 160 specific knowledge statements. The eight new major
content areas were: (1) Scientific Methodology/Technology/History (which included content
that originally was part of the area Mathematical and Measurement Skills); (2) Basic Topics in
Physical Science (which incorporated content from the original areas Properties and States of
Matter and Heat and Thermodynamics); (3) Mechanics; (4) Electricity and Magnetism; (5)
Waves; (6) Modern Physics (which incorporated the original area Atomic and Nuclear Physics);
(7) Science, Technology, and Society (which included the content from the original area
Environmental/Societal Issues Related to Physics); and (8) Pedagogy Specific to the Physical
Sciences.

Advisory/Test Development Committee Meeting

Consistent with a content validity framework, the job analysis studies were designed io
obtain input from many subject-matter experts at several critical points in the domain definition
process. To this end, an Advisory/Test Development Committee of secondary school teachers
(n=5), teacher educators (n=2), and a district administrator was formed (see Appendix B for
list of members). This committee also had representation by race/ethnicity, sex, and geographic
region. One committee was formed because of the large degree of overlap in the knowledge
domains of chemistry and physics. The committee members, appropriately, had relevant
expertise in both chemistry and physics. The purpose of this committee was to review the draft
domains (both chemistry and physics) in terms of their overall structures, completeness,
appropriateness of the knowledge statements and clarity of wording. In addition, the members
were asked to identify other content areas and knowledge statements that they believed should
be added to the domains and to delete content areas and knowledge statements that they
believed should not be included in the domains. In essence, the members were asked to modify
the domains so that they accurately reflected what the committee believed were the knowledge
important for newly licensed (c